Background: Nests are composed of and built with different materials that are handled in specific ways. These materials must initially have been used de novo before commonly being incorporated into nests. Plastic and plastic bags were invented in the 1950s, and they are widely distributed in the environment. Birds started picking up plastic from plastic used to cover farm produce such as silage, potatoes, beets and other crops for use in their nests in the 1960s.
Background
Animals use a high diversity of materials for nest building ranging from branches, twigs, leaves and roots to moss, lichens, seeds, flowers and material of animal origin such as spider silk, feathers, hair and saliva (Collias and Collias 1984; Hansell 2000 Hansell , 2007 . Each type of nest material is handled in a specific way before being incorporated into nests which requires specific behavioral adaptations. How has this immense diversity evolved? When novel material appears, it may fortuitously be incorporated. Because choice of nest material and the way in which it is incorporated is partly innate (Collias and Collias 1984; Hansell 2000 Hansell , 2007 , this implies a genetic component. If not selected against, use of novel nest material will increase in frequency. Indeed, exposure of birds to a number of novel materials only recently produced by humans and subsequently used for nest construction such as paper, plastic and wire has resulted in their incorporation in nests. For example, Magpies (Pica pica) are known to incorporate wires and cloth instead of twigs and roots (Zheng 1962 (Zheng , 1995 . Likewise, Chinese Bulbuls (Pycnonotus sinensis) include plastic, paper, cloth, nylon particles and threads of human origin into their nests (Chen et al. 2006; Wang et al. 2009 ). Such materials are incorporated into nests in proportion to their abundance in the urban environment implying that use reflects availability (Wang et al. 2009 ). This observation demands the question what limits the innovation and the frequency of use of such novel nest building materials.
Some nest materials have only been used recently simply because they did not exist just a few decades ago. A case in point is plastic used for covering farm produce
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Avian Research *Correspondence: anders.moller@u-psud.fr Ecologie Systématique Evolution, Université Paris-Sud, CNRS, AgroParisTech, Université Paris-Saclay, 91405 Orsay Cedex, France that was not common in the environment until the mid 1960s when the first Blackbird (Turdus merula) nests with plastic pieces were recorded in different parts of Europe (Cramp and Perrins 1988; Glutz von Blotzheim and Bauer 1988; Stephan 1999 ; this study). The use of novel nest materials may be akin to innovations that attract the attention of conspecifics. Indeed use of feathers by Rock Sparrow (Petronia petronia) females benefitted the nest owners in terms of differential parental investment by the partner (Griggio et al. 2015) . Such novel nest materials may resemble traditional material like large dry leaves that are commonly incorporated into nests of Blackbirds (Stephan 1999) . Birds' nests are in most cases well camouflaged (Collias and Collias 1984; Hansell 2000 Hansell , 2007 , making any use of conspicuous nest material selected against by nest predators that readily locate visually conspicuous nests. However, predation is often spatially heterogeneous allowing for differential emergence of nest building traditions in the local absence of predators.
The objective of this study was to describe the temporal pattern of emergence and subsequent disappearance of a novel nest building behavior, the use of pieces of plastic in Blackbird nests. The most common nest materials are dried leaves, stalks, roots and earth that account for most nest material. Since plastic is not a limiting resource in human-modified habitats, what limits its use in nests? Here I describe the appearance, increase and eventual demise of plastic use in birds' nests linked to the fitness costs of plastic use. I did that by investigating the link between plastic use and timing of breeding, assuming that this nest building innovation increased in frequency through use by the earliest breeding individuals. Furthermore, I recorded nest predation rates indoors in the absence of most nest predators and outdoors in their presence. Because nest predation is much less common indoors than outdoors (Møller 2010) , there should be much weaker selection against plastic use among individuals breeding indoors than outdoors. I investigated these predictions in a long-term study of Blackbirds during 1966-2014. The Blackbird is a very common passerine throughout its range in the Palearctic, where it breeds in a wide range of habitats with particularly high population densities in urban habitats and other habitats modified by humans (Møller et al. 2014) . It produces up to four successful broods per year in my study area. Nests are located in bushes and trees and near humans also on or within buildings. Nests are only rarely located on the ground. Only females build nests and incubate, while both sexes provision the offspring (Snow 1958; Cramp and Simmons 1980; Glutz von Blotzheim and Bauer 1988; Stephan 1999) . Incubation lasts 12.6 days and the nestling period 13.6 days (Cramp and Simmons 1980) .
Methods

Study site
The study was conducted at Kraghede (57°12′N, 10°00′E), Denmark, in an open agricultural habitat with scattered plantations, gardens and hedgerows where Blackbirds are commonly breeding (Møller 1991) . In addition, Blackbirds breed commonly inside barns and stables of farms, where they are particularly successful (Møller 2010) . The study area comprised 12 km 2 , but 45 km 2 since 1987.
Data set
Møller (1991) 
Egg laying date, nest composition and nest fate
I searched systematically for Blackbird nests in all suitable habitats (Møller 1991 (Møller , 2010 , and all nests were scored with respect to plastic use with each nest either being scored as having plastic or not. All nests with eggs were visited once a week, while nests with nestlings were visited when ca. 10 days old and again after the estimated date of fledging. I estimated date of laying of the first egg from incomplete clutches at the first visit, assuming that one egg is laid daily (Snow 1958; Cramp and Simmons 1980; Glutz von Blotzheim and Bauer 1988; Stephan 1999) , or from the estimated age of nestlings. Nests containing nestlings at the last visit and an intact empty nest on the following visit were scored as successful, while empty nests that could not have produced fledglings, or were destroyed, were considered as having suffered from predation.
Statistical analyses
I used logistic regression to test whether the use of plastic as nest material depended on year and year squared (to test for linear and quadratic temporal trends in use), location (indoors or outdoors) and the interaction between nest location and year and year squared, respectively. The interactions were included to test whether the temporal effects depended on nest location. In a GLM with normally distributed errors and an identity link function I assessed whether laying date differed between nests with and without plastic while including nest location (indoors or outdoors) in the statistical model. In a final logistic regression model with nesting success a binomial variable I tested whether nesting success depended on plastic use, nest location (indoors or outdoors) and their interaction to account for the possibility that plastic use was costly outdoors but not indoors. The correlations between variables were all weak with the strongest correlation being 0.38. Hence there were no problems of multi-collinearity. All analyses were made with JMP (SAS 2012).
Results
I recorded the first case of a Blackbird with plastic in its nest in 1966 followed by a rapid increase first among nests located outdoors and subsequently in nests located indoors (Fig. 1) . Nests with plastic almost disappeared after 20 years with only a few observations having been recorded indoors in recent year (Fig. 1) . This result was supported by a logistic regression showing significant differences in linear and quadratic terms of year, nest location (indoors or outdoors), and the interaction between location and year and year squared (Table 1) . This model fitted the data (likelihood ratio χ 2 = 26.04, df = 61, p = 0.79), accounting for 27% of the variance. The highest variance inflation factor was 4, and hence there was no problems of multi-collinearity.
Plastic use was primarily by Blackbirds breeding early in the season with a significant difference between birds with and without plastic ( Table 2 ), suggesting that early breeding birds were responsible for this novel innovation. In contrast, there was no significant difference between indoor and outdoor nests, while the interaction between plastic use and nest location was significant ( Table 2 ), implying that laying date was earlier for nests with plastic among outdoor nests (mean ± SE = 40.3 ± 1.4) than indoor nests (42.8 ± 1.7), while for nests without plastic the difference between outdoor and indoor nests was larger (Table 2, the significant location by plastic interaction: no plastic, outdoor: 66.7 ± 0.7, no plastic, indoor: 59.3 ± 1.6). The highest variance inflation factor was 1.2, and hence there was no problems of multi-collinearity.
Plastic use was related to the risk of predation (likelihood ratio χ 2 = 6.73, df = 1, p = 0.0002). While 29.1% of 556 nests without plastic were depredated, 49.4% of 87 nests with plastic were depredated.
Predation, nest location and the interaction between plastic and nest location were all significant predictors of nest success (Table 3) . This model fitted the data (likelihood ratio χ 2 = 643.00, df = 639, p = 0.45). Nests with plastic were less often successful than nests without plastic ( Fig. 2; Table 3 ). Nests indoors were more often successful than nests outdoors ( Fig. 2; Table 3 ). Finally, there was a significant interaction between plastic use and nest location with outdoor nests suffering more from nest predation in the presence of plastic than indoor nests, while predation risk did not differ between indoor nests with or without plastic ( Fig. 2 ; Table 3 ). The highest variance inflation factor was 1.2, and hence there was no problems of multi-collinearity.
Discussion
Blackbirds displayed a novel innovation by using plastic as a nest material starting in 1966. The frequency of this behavior changed over time differing between nests located indoors and outdoors. The first birds starting this innovation were early breeders. There was a fitness cost to plastic use because nests with plastic were more likely to be depredated than nests without plastic, although this pattern was only prominent in nests located outdoors. These observations have implications for our knowledge of behavioral innovations and the spread of traditions. The use of plastic as a nest material can be considered a novel fashion since the frequency of use started in early breeders, which are known to recruit disproportionately many offspring (Snow 1958) . Such innovative individuals can be considered 'trend-setters' by initiating plastic use and through social learning transmit this behavior to conspecifics. There are few examples of the emergence of innovations and the identity of the individuals responsible for such novel behavior. An exception is the emergence of a tradition of washing sweet potatoes by Japanese Macaques (Macaca fuscata) that allowed removal of sand from food items (Kawamura 1959) , where the initial behavior emerged in a specific old female. Another example concerns the opening of milk bottles by birds, in particular Great Tits (Parus major), and the consumption of cream, although in that case the innovator was not known (Fisher and Hinde 1949) .
Although behavioral innovations are common, only a few novel behavioral patterns spread (Kummer and Goodall 1985) . The dynamics of innovations will depend on benefits and costs of such novel behavior, but also on stochastic events that may cause the loss of innovations. Although novel behavior has been described previously, there are few examples. The present study suggested that plastic use in nests was a signal of innovation ability because early breeding females showed a higher frequency of plastic use than later birds. This explanation may also apply to feather use in Rock Sparrows, which is linked to sexual selection for female innovation by choosy males (Griggio et al. 2015) . Other studies have also emphasized the role of innovation as a component of sexual selection (Miller 2000; Simonton 2003) . I have previously shown that nest predation is a strong selective agent for birds breeding in association with humans and human habitation (Møller 2010) . Two species that have just started this association such as Song Thrush (Turdus philomelos) and Chaffinch (Fringilla coelebs) have a low frequency of indoor nests, while species that have been associated with humans for millennia such as House Sparrows (Passer domesticus) and Barn Swallows (Hirundo rustica) have a high frequency of breeding in the proximity of humans (Møller 2010) . The subsequent dynamics of plastic use showed a peak during the 1970s followed by a decline that differed between indoor and outdoor nests. The present study suggests that plastic may have been retained as a nest material in nests located indoors. The disappearance of this behavior was linked to fitness costs of nest predation. There was little or no evidence of plastic being a limiting resource, and most farms with Blackbirds breeding indoors still have ample supply of plastic that is rarely used as a nest material. The fraction of the Blackbird population that breeds indoors is minute compared to the outdoor population in 'natural' habitats. Therefore, the use of plastic first disappeared outdoors and then eventually indoors, as the small fraction that constitutes the indoor population was swamped by Blackbirds from the outdoor population.
Conclusion
I have shown that a novel behavior (plastic use in nests of Blackbirds) spread rapidly by starting out in early breeders. Fitness costs of this innovation were differentially related to the frequency of outdoor nests apparently because of higher predation risk outdoors due to visually searching nest predators. These findings have implications for our knowledge of the spread of innovations. 
